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Behavioral change was examined with repeated measures analyses of variance. Short-term behavioral changes (T1-T0) were correlated with long-term outcome (SPQ). For the fMRI analyses in SPM8, we first created individual contrast images for spider > neutral, followed by statistical images of therapy-related change (T1-T0). A second-level regression analysis was used to evaluate baseline and changes (T1-T0) in neural activation associated with follow-up SPQ scores. A familywise error rate small-volume correction was applied for a priori regions of interest: left amygdala, anterior cingulate cortex, and left insula, as these regions showed therapy-induced changes [2] . Additionally, an exploratory whole-brain second-level analysis was conducted. Figure 1 shows an overview of the behavioral and neural results. Although SPQ scores at follow-up were increased compared to SPQ scores at T1 (p < 0.01), they were still lower than T0 ratings [F(1.37, 19.19) = 57.342; p < 0.001; post hoc p < 0.001], indicating that the therapy effect was partially maintained over 8 years. Furthermore, SPQ and fear/arousal score reductions from pre-to posttherapy assessments (T1-T0; r = 0.78, p < 0.01; r = 0.57, p < 0.05; r = 0.70, p < 0.01) were associated with a lower SPQ score at follow-up. Similarly, a lower SPQ score at follow-up was associated with more attenuation in the BOLD response from pre-to posttherapy time points (T1-T0) in the left anterior insula (cluster extending into the lateral orbitofrontal cortex, peak voxel MNI coordinates -26/24/-12, cluster size = 29 voxels, t = 7.20, p < 0.01, r = 0.89). This effect was not driven by changes in processing of neutral images between T0 and T1. Change in activation (T1-T0) in other brain regions did not correlate with the follow-up SPQ scores, as tested by the small-volume correction analysis and whole-brain analysis. To check whether the observed associations were driven by T1-T0 variance, we further tested whether associations existed between the follow-up SPQ score and behavioral and neural data at T0 and T1. We only found a correlation with the T1 SPQ score and the follow-up SPQ score (r = 0.91, p < 0.001).
In conclusion, the present findings show strong negative correlations between phobia severity at the 8-year follow-up and changes (T1-T0) in anterior insula activation and fear scores. Recently, it has been argued that symptom reduction directly following exposure therapy for phobia is only weakly predictive of treatment outcome [3] . The present findings, however, point to the usefulness of assessing fear levels in the evaluation of the therapy effect when not measured immediately after therapy, but after allowing time for consolidation of learning.
The demonstrated association between the extent of insular activity reduction and better clinical outcome at 8 years of followEven the most effective psychological treatments, such as cognitive behavioral therapy, show high percentages of relapse in the long term [1] . Predicting the persistence of therapy effects remains a major unanswered question, which is complicated by psychiatric comorbidity and by limited insight into the effectiveness of different therapy components applied during cognitive behavioral therapy. Neuroimaging offers the possibility of objective measures for predicting long-term therapy success and to elucidate its mechanisms. A first step to disentangle the problem of predicting therapy persistence is to (1) investigate a phenotypically clear disorder like specific phobia and (2) choose one cognitive behavioral therapy component targeting a single therapeutic mechanism such as exposure therapy, the clinical application of extinction learning [1] .
Here, we link behavioral and neural changes following exposure therapy for specific phobia with behavioral measures at 8-year follow-up, to investigate which outcome measures of short-term therapeutic assessment are associated with long-term persistence of therapeutic response.
Sixteen right-handed, unmedicated female spider phobic subjects received one prolonged (3-5 h) session of group-based exposure therapy. The diagnosis of specific phobia was made by an experienced psychiatrist (K.S.) based on DSM-IV criteria. Any further psychopathology was excluded by means of a structured psychiatric interview. Subjects were scanned twice, 1 week before (T0) and 2 weeks after therapy (T1), while undergoing a symptom provocation functional magnetic resonance imaging (fMRI) paradigm. Behavioral ratings at T0 and T1 consisted of phobia severity (Spider Phobia Questionnaire, SPQ) and fear/arousal for spiders [2] . At 8 years of follow-up, 15 subjects agreed to participate in the follow-up study and rated phobia severity on the SPQ again. The 239 up is in agreement with previous studies finding similar associations in the short term [4, 5] . The anterior insula has been implicated in extinction learning [6] , the neural process upon which exposure therapy relies. The posttherapy scanning session can be regarded as equivalent to recall of extinction learning: insufficient reduction of insular activation from the pre-to posttherapy time point could reflect that extinction learning, its consolidation or generalization was not optimal/maximized. The anterior insula and lateral orbitofrontal cortex have also been involved in evaluating affective states and cues, with the anterior insula being more specifically implicated in interoception [2, 7] . Normalization of its activity suggests a reduction in the subjective experi- ence of phobic fear and arousal that is essential for long-term outcome.
A limitation of the study is that it has an uncontrolled design: we did not include a control group or take into account additional factors that might influence long-term exposure therapy outcome. Furthermore, as we did not include MRI scanning at the follow-up, we could not investigate whether the neural results were long lasting. Lastly, the study would provide us more insight into the neural substrates of the therapy process if we added a fear-conditioning and extinction paradigm including a recall phase to the study design [8] .
Despite these methodological considerations, the results of the present study warrant a focus on the insula/lateral orbitofrontal cortex in future studies into the neural effects of psychological therapy. Finally, they underscore the potential value of neuroimaging in understanding heterogeneity in long-term therapy effects, leading to treatment optimization and improving clinical outcome.
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